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Appl. Na. 10/024,167 

AmeiKlmeat D^ted March 31, 2004 

Reply to Office Action of January 6, 2004 

AfnendmcDts to the Claims; 

This listing of claims will replace all prior versions and listings of claims in the apph'cation: 

Listing of Claims: 
1-10. (Canceled) 

1 1 . (Currently amended) A waste tzas desulfurization proce&s comprising: 
providinK a H^S-containing waste gas stream: 

s 

providing a Qi-containing stream: 

in a millisecond contact time reactor having a ^as mixing zone, a reaction zone, and a cooling 
zone, mixing together said H - S-containing gas stream and said O^-containinp ga s stream in said 

mixing zone to torm a r^ctant gas mixtuie^said reaction zone containing a catalyst device having 
activity for catalyzing the partial oxidation of H^S to elemental sulfur and water: 

maintaining the temperature of said reaction zone above 3Q0°C; 

passing said reactant gas mixture over said catalyst device such that the contact time between 
said catalyst device and a portioq of said reactant gas mixture that contacts said catalyst device is 
sufficiently brief to allow the reaction H^S -f 1/2 ^ 1/x + H p (x = 2. 6 or 8^ to occur, and a 

product gas stream is tbrmed comprising gaseous elemental sulfur and water: 

passing said product gas stream into said, cooling zone and cooling said product stream to a 
temperature above the dewpoint of sulfixr. to provide a partially cooled product stream: 

passing said partially cooled product stream into a sulfur condenser and further cooling said 
partially cooled product stream to the dewpoint temperatiu^e of elemental sulfur, or lower T ho prooa sfl 
of claim 10 wherein at least the reaction zone of said reactor is capable of withstanding temperatures 
of at least U5CX)X, said H^S-containing gas stream and said Oi-containing gas stream are combined 

in said mixing zone to form a reactant gas mixture having a molar ratio of H2S to O2 of about 2:1 or 
leas and the temperature of said reaction zone is 7CM)-l,500*C. 

12. (Currently amended) The process of claim [10] 13 comprising preheating said HzS and/or O2 
stream up 10 about ZOO^C before contacting said catalyst device. 
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Appl. No. 10/024467 
Ameadmeot Dated March 31^ 2004 
Reply to Office Action of January 6» 2004 

13. (Previously presented) A waste gas desulfurization process comprising: 
providing a H2S-containing waste gas stream; 

providing a 02-containing stream; 

in a millisecond contact time reactor having a gas mixing zone, a reaction zone, and a cooling 
zone, mixing together said H.,S-containing gas stream and said Oj-containing gas stream in said 

mixing 2one to form a reactant gas mixture said reaction zone wmtaining a catalyst device having 
activity for catalyzing the partial oxidation of HjS to elemental sulftir and water; 
maintaining the temperature of said reaction zone above SOO'^C; 

passing said reactant gas mixture over said catalyst device such that the contact lime between 
said catalyst device and a portion of said reactant gas mixture that contacts said catalyst device is 
sufficiently brief to allow the reaction H^S + 1/2 1/x -t- (x - 2, 6 or 8) to occur, and a 

product gas stream is formed comprising gaseous elemental sulfur and water; 

passing said product gas stream into said cooling zone and cooling said product stream to a 
temperature above the dewpoint of sulfur, to provide a partially cooled product stream; 

passing said partially cooled product stream into a sulfur condenser and further cooling said 
partially cooled product stream to the dewpoint temperature of elemental sulfur, or lower, wherein 
said contact time is no more than about 200 milliseconds. 

14. (Currently amended) The process of claim [10] \3 comprising recovering a product 
comprising elemental sulfiir and, optionally, venting a substantially desulfiirized residual gas. 

15. (Currently amended) The process of claim [10] 13 comprising providing a H^S-containing 
gas containing at least about 1 vol.% U2S. 

1 6. (Currently amended) The process of claim [10] 13 wherein said Oa-containing gas is chosen 
from the group consisting of purified O^, air, and enriched air, 

17. (Currently amended) A waste gas desulfurization process comprising: 
providing a H^S-COniaininy: waste gas stream: 

providing a 02-contAining stream: 
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Amendment Dated March 31, 2004 
Rejily to Office Action of Jaousiry 6» 2004 

in a millisecond contact time reactor having a gas mixiim zone, a reaction zone, and a cooling 
zone, mixing together said H ^ wS-containing gag stream and said Q^-containing gas stream in said 
mixing zone to fonti a rcactant gas mixturc said reaction zone containine a cata lyst device having 
activity for catalvziag the partial oxidation of Hi>S to elemental sulfiir and water: 

maintaining the temperature of said reaction 7x>ne between about 85Q°C - K300°C: 
passing said reactant flas mixture over said catalyst device such that the contact time between 
said catalyst device and a portion of s^id reactant gas mixture that contacts said cat alyst device is 
sufficiently brief to allow the reaction H^S + 1/2 -> 1/x 4- H^Q (x = 2, 6 or 8^ to occur, and a 

product gas stream is formed comprising gaseous elemental suliur and water: 

passing said product gas stream into said cooling zone and cooling said product stream to a 

temperature above the dewpoint of sulfur, to provide a partially cooled product stream: 

passing said partially cooled product stream into a sulfur condenser and ft^rther cooling said 

partially cooled product stream to the dewpaint temperature of elemental sulfur, or lowe r - Tho proc e ss 

of oloim 10 further oompriaing maintaining the temperatur e of said reaction zone betwoon about 

S50X^ - 1,300<^C , 

18. (Original) The process of claim 17 further comprising regulating reactor inlet temperatures, 
regulating H^S concentration in the reactant gas mixture, and/or applying heat to said catalyst device 
such that the lemperature of said catalyst device is maintained at a desired temperature between said 

85O-l,300X\ 

19. (Original) The process of claim 17 further comprising maintaining autothcrmal reaction 
promoting conditions. 

20. (Currendy amended) The process of claim [10] 12 wherein said catalyst device comprises at 
least one metal chosen from the group consisting of platinum* rhodium, ruthenium* iridium, nickel, 
palladium, iron* cobalt* rhenium, rubidium^ vanadium, bismuth and antimony. 

21. (Original) The process of claim 20 wherein said catalyst device comprises at least one metal 
chosen from the group consisting of platinum^ rhodium, ruthenium^ iridium, nickd, palladium, iron» 

cobalt, rhenium and rubidium. 
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22. (Original) The process of claim 21 wherein said catalyst device comprises at least one metal 
chosen ftom the group consisting of platinum, rhodium, ruthenium, nickel, palladium and iridium 

23. (Original) The process of claim 22 wherein said catalyst device comprises platinum, rhodium 
or a mixture thereof. 

24. (Original) The process of claim 20 wherein said catalyst device comprises vanadium^ bismuth 
or antimony. 

25. (Previously presented) The process of claim 20 wherein said catalyst device comprises at least 
one lanthanide element (Ln) chosen from the group consisting of T^, Ce, Pr, Nd, Pm, Sm, En, Gd, Tb, 
Dy. Ho, Er, Tm, Yb and Lu, 

26. (Original) The process of claim 25 wherein at least one said lanthanide element is samarium, 
ytterbium or praseodymium. 

27. (Currendy amended) The process of claim [10] 13 wherein said catalyst device comprises at 
least one structure chosen from the group consisting of gauzes, monoliths and a pluraHiy of divided 
units. 

28. (Previously presented) The process of claim 27 wherein said divided units are selected from 
the group consisting of particles, granules, beadsS, pills, pellets, cylinders, trilobes, exlnidates or 
spheres. 

29. (Original) The process of claim 27 wherein said structure comprises a refractory support 

30. (Original) The process of claim 29 wherein said catalyst refractory support comprises 
zirconia or alumina. 
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31. (Currently amended) The process of claim [10] 13 wherein said catalysi device compnses 
platinum and a lanthanide metal oxide chosen from the group consisting of cerium oxide and 
lanthanum oxide. 

32. (Original) The process of claim 31 wherein said catalyst device comprises rhodium and 
samarium oxide. 

33. (Currently amended) A waste gas desulfUrization process comprising: 
providing a H^S-containing waste gas stream; 

providing a O^-containing stream: 

in a miUisccond contact time reactor having a ^as mixing zone, a reactio n zone, and a cooling 
zone, mixing together said H - S-containing pas stream and said O^-containing gas stream in said 
mixing zone to form a reactant gas mixture said reaction &one containing a catalyst device having 
activitv for catalyzing the partial oxidation of H?S to elemental sulfur and water: 

maintaining the temperature of said reaction zone above 3QQ°C: 

passing said reactant gas mixture over said catalyst device such that the contact time between 
said catalyst device and a portion of said reactant gas mixmre that contacts said catalyst device is 
sufficiently brief to allow the reaction H^S 1/2 -> 1/x S + H ^ Q (x = 2, 6 or 8) to occur, and a 

product gas strgani is formed comprising gaseous elemental sulftirand water: 

passing said product gas stream into said cooling zone and cooling said product stream to a 

temperature above the dewpoinc of sulfur, to provide a partially cooled product stream; 

passing said partially cooled product stream into a sulfur condenser and further cooling said 

partially cooled product stream to the dewpoint temperature of elemental sulfur, or lowcr. Th e proo e sg 

of claim 10 wherein said catalyst device comprises a platinum-rhodium alloy disposed on a lanthanide 

oxide coated refractory support, 

34. (Original) The process of claim 33 wherein said catalyst device comprises a samarium oxide 
coated refractory support. 

35. (Currently amended) A wasie gas desulfurization process comprising: 
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Reply to Office Action of January 6, 2004 

providinR a H^S-conlaining waste uz& stream; 

providing a O^-containing stream: 

in a millisecond contact time reactor having a gas mixing zone> a reaction zone, and a cooling 
zone, mixing together 5;aid H^S-containing gas strearn and said O^-coTitaining gas stream in said 

mixing zone to form a reactant gas mixture^said reaction zone containing a catalyst device having 
activity for catalyzing the partial oxidation of HgS to elemental sulfiir and water: 
maintaining the temperature of said reaction 2Qne above 300°C: 

passing said reactant gas mixture over said catalyst device such that the contact time between 
said catalyst device and a portion of said reactant gas mixture that contacts said catatvst device is 
sufficiently brief to allow the reaction H ., S + 1/2 -» l/x + H.,Q (x^2.6 Of S^i to occun and a 

product gas siream is formed comprising gaseous elemental sulfur and water: 

passing said product gas stream ^nto said cooling zone apd CQoling said product stream to a 

temperature above the dewpoint of sulfiin to provide a partially cooled product stream: 

passing; said partially cooled product stream into a sulfur condenser and fiirther cooling said 

partially cooled product stt-eam to the dewpoint temperature of elemental sulllin or lower Th e proc e ss 

of claim 10 w herein said catalyst device comprises at least one catalytic carbidi^ metal. 

36. (Original) The process of claim 35 wherein said carbided metal comprises platinum and 
rhodium. 

37. (Currently amended) The process of claim [ 1 0] 13 comprising operating said reactor at a space 
velocity of at least about 20,000 hr ^ 

3S. (Currently amended) The process of claim [10] 13 comprising operating said reactor at 
superatmospheric pressure. 

39-53. (Canceled) 

54. (Currently amended) A waste gas desulfurization process comprising: 
a) providing a H.^S-containing waste gas stream: 
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providing a Q^-containing stream; 

in a milHsecond contact time reactor having a gas mixing zone, a reactio n zone, and a 
cooling zone, mixing together said H S-containing gas stream and said Q^-contai nine eas stream in 

said mixing zone to form a reactant ga?^ mixture said reaction zone containing a catalyst device having 
activity for catalyzing the partial oxidatiOQ of H^S to elemental sulfur and water: 
d^ maintaining the temperature of said reaction zone above 30Q^C: 

e) passing said reactant gas mixture over said catalyst device such that the conta ct time 
between said catalyst device and a portion of said reactant gas mixture that contacts said catalyst 
device is sufficiently brief to allow the reaction H^S + 1/2 -> 1/x + H^O fx = 2. 6 or 8) to 

occur^ and a product gas stream is formed comprising gaseous elemental sulfur and water: 

f) prior to step el in said reactor, passing a g^eous hydrocarbon over said catalyst device to 
carbide said catalyst device, and subsequently beginning flow of said thS containing reactant gas 
mixture over said carbided catalyst device at a temperature sufficient to initiate H^S catalytic partial 
oxidation to form elemental sulfar and water. 

ix\ passing said product gas stream into said cooling zone and cooling said product stream to 
a temperature above the dewpoint of sulfnr. to ptoyide aj>artjally cooled product stream: 

h) passing said partially cooled product stream into a sulfur condenser and further cooling 
said partially cooled product stream to the dewpoint temperature of elemental sulfur, or lower- ¥he 
prooQfls of claim 10 oompri si ag, in said roaotor, paoising a goflooua hydrooarbon over - said oa Ealyst 
' device to carbide sa i d catalyst dovioov and subsequently beginning flow of said li^S containing gas 

ovor -s gHd oarbido d-e atal y st dovioo at a t e mp e raturo Quffioicnt to inittaio II^S oatalytio part i al oxidation 
te form e l e m e ntal sulfur and wat e r . 

55. (Currently amended) The process of claim [10] 13 wherein said contact lime is less than 50 
milliseconds. 

56. (Currently amended) The process of claim [10] wherein said contact time is less than 20 
milliseconds. 

57. (Currently amended) A waste gas desulfiirization process comprising: 

nroviding a H ^S-cQntaining waftt e gas .stream : 
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providing a Q^-containing stream; 

in a millisecond contact time reactor having a gas mixing zone, a reaction zone, and a cooling 
zone, mixing together said H^S-contaming gaj; stream and said O^-CQntaxn ine aas stream in said 

mixing zone to form a reactant gas mixture , said reaction zone containing a catalyst device having 
activity for catalv2in^ the partial oxidation of H^S to elemental sulftir and water: 
mainlaining the temperature of said reaction zone above 300^C: 

passing said reactant gas mixture over said catalyst device such that the contac t lime between 
said catalyst device and a portion of said reactant oas mixture that contacts said catalyst device is 
sufTicientlv brief ro allow the reaction H^S + 1/2 ^ 1/x S + Hp (y: = 2.6 or 8^ to occur, and a 

prQduct_gas stream is formed comprising gaseous elemental sulfur and water: 

passing said product gas stream into said cooling zone and cooling said product stream to a 
temperature above the dewpoint of sulfur, to provide a partially cooled product stream: 

passing >said partially cooled product stream into a suliur condenser and further cooling said 
partially cooled product stream to the dewpoint temperature of elemental sultun or lower. 5^ 

proc e ss of claim 10 wherein said contact time is less than 10 milliseconds. 

58. (Previously presented) The process of claim 35 wherein H^S conversion is ai least about 
82%, selectivity for elemental sulfur product is at least about 70% and selectivity for SO2 is no more 
than about 10-13%. 
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